The aim of this study was to evaluate the biological value of fresh red beet and sensory quality of pickled red beet prepared from roots from organic and conventional cultivation systems. Two cultivars of red beet cv. Czerwona Kula and cv. Opolski were grown by conventional and organic systems in the years 2008-2009 on certificated Experimental Field of Research Institute of Vegetable Crops in Skierniewice. Chemical analyses of fresh red beets were carried out immediately after harvest but the sensory evaluation of pickled beets was carried out by trained panel according to PN-ISO guidelines applying the sensory profiling analysis. Results have shown that the method of cultivation had a positive effect on the chemical composition of fresh roots of red beet. The roots of both cultivars from organic cultivation contained significantly more dry matter, sugars and betanins, and accumulated less nitrate than roots from conventional cultivation. There was no significant effect of cultivar and method of cultivation on the overall sensory quality of pickled red beets. Comparison of sensory evaluation for pickles of two cultivars from organic cultivation showed that canned red beets from cultivar Czerwona Kula characterized by slightly darker color, firmer flesh and more typical taste of red beet as compared to samples from cultivar Opolski. Pickled red beets from conventional cultivation characterized by firmer flesh compared to the pickled beets from organic cultivation, more noticeable taste of pickled cucumbers and flavor of fruit.
Summary
The aim of this study was to evaluate the biological value of fresh red beet and sensory quality of pickled red beet prepared from roots from organic and conventional cultivation systems. Two cultivars of red beet cv. Czerwona Kula and cv. Opolski were grown by conventional and organic systems in the years 2008-2009 on certificated Experimental Field of Research Institute of Vegetable Crops in Skierniewice. Chemical analyses of fresh red beets were carried out immediately after harvest but the sensory evaluation of pickled beets was carried out by trained panel according to PN-ISO guidelines applying the sensory profiling analysis. Results have shown that the method of cultivation had a positive effect on the chemical composition of fresh roots of red beet. The roots of both cultivars from organic cultivation contained significantly more dry matter, sugars and betanins, and accumulated less nitrate than roots from conventional cultivation. There was no significant effect of cultivar and method of cultivation on the overall sensory quality of pickled red beets. Comparison of sensory evaluation for pickles of two cultivars from organic cultivation showed that canned red beets from cultivar Czerwona Kula characterized by slightly darker color, firmer flesh and more typical taste of red beet as compared to samples from cultivar Opolski. Pickled red beets from conventional cultivation characterized by firmer flesh compared to the pickled beets from organic cultivation, more noticeable taste of pickled cucumbers and flavor of fruit.
INTRODUCTION
Currently, much attention is paid to the pro-health properties of vegetables offered on the market. In addition to the many beneficial qualities for which beetroot is assessed positively by consumers and nutritionists, it also has undesirable properties. They result from the tendency to accumulate nitrates, which content can even reach about 3000 mg per kg of fresh weight (Grzebelus 1996) . Excessive nitrates in the beet is the result of inadequate conditions of cultivation, fertilization and selection of varieties with a high tendency for accumulation of nitrates (Flohrova 1991 , Ugrinowić 1999 , Michalik & Grzebelus 1995 , Rożek 2000 . Much research indicates that organically grown vegetables contain more nutrients and bioactive compounds valuable to the health and are free of harmful chemicals than conventionally grown plants (Rembiał-kowska et al. 2003 , Szafirowska & Elkner 2008 , 2009 ). Most studies conducted so far in the field of organic farming focuses on comparing the nutritional value. As a supplement of research on the nutritional value of vegetables from organic and conventional crops is the sensory analysis, both fresh and processed vegetables. In world literature there are only a few studies on sensory quality of processed vegetables made from organically grown plants.
The aim of this study was to evaluate the biological value of fresh beetroot and sensory quality of pickled red beet coming from organic and conventional cultivation systems. Chemical analysis of red beet from organic and conventional cultivation was carried out immediately after harvest. Analysis were made on the roots with a diameter of 3-5 cm, the number of 20 roots in each object. In red beets were determined: dry matter by drying, total sugars by the Luff-Schoorl method, nitrates by potentiometry method using a nitrate ion-selective electrodes, betalains pigments (betanin and vulgaksanthin) by spectrophotometric method (Nilsson 1973) . The obtained results were statistically evaluated using analysis of variance. Averages were compared using the Newman-Keuls test, at significance level p=0.05.
MATERIAL AND METHODS

Material
The pickled red beets were made after washing and cooking of red beets roots. The beet skin was removed and roots were placed in jars and hot water containing 1% of acetic acid was added into the jars with basic spices (black pepper, allspice, bay leaf and garlic). Jars containing red beets and additives were pasteurized during 15 minutes at a temperature of 85°C.
For sensory evaluation of pickled beets the sensory profiling analysis method was used. Sensory analyses were carried out by trained panel of 15 members according to PN-ISO 8586-1 (1996) guidelines. In this assessment were used 18 sets of sensory quality parameters, adapted to the characteristics of the processed product. These evaluation included the odor and taste characteristics, mechanical properties. Quantitative descriptive analysis (QDA) was used for the evaluation of pickled beet samples. The intensity of each descriptor was evaluated on a continuous graphic scale, length 10 cm (corresponding to 0-10 units), marked with the appropriate boundary terms. For odor and taste parameters the following attributes were determined: the minimum scale -not detectable level; the maximum scale -very intensive level. For the preparation of samples as well as data acquisition and results processing the Analsens v.4 software was used.
RESULTS AND DISCUSSION
The results shown in Tables 1  and 2 indicate that the red beet roots of both cultivars contained similar amount of dry matter and sugars. The level of content of these components was, however, varied depending on the year of crop and the cultivation method. The content of dry matter and sugars in the roots was much lower in 2008 than in 2009. The year 2008 was characterized by abundant rainfall and cool days in August and September, which resulted in lower levels of these constituents in the roots. The beets roots from organic farming contained more dry matter and sugars than beets from conventional cultivation in both years of the study. Similar trends were found in carrots by Wrzodak and Elkner (2010) , in pepper by Szafirowska and Elkner (2008) , in onion by Hallmann and Rembiał-kowska (2007) .
The results also shows significant differences in accumulation of nitrate, depending on the variety, cultivation methods and crop year. Other authors Grzebelus (1996) , Elkner et al. (1997) , Felczyński and Elkner (2008) showed significant differences in nitrate content in red beets, Wrzodak and Elkner (2010) Rożek (2000) longer periods of drought result in an increase of nitrate content due to the change of downloading them from the soil and by a significant limitation in the rate of their reduction in plant tissues.
Betalain pigments content in red beet was higher in 2009 than in 2008, and their levels also depended on variety and growing methods ( Table  2 ). The content of betanin in cultivar Czerwona Kula in both years of experiment was higher than in roots of cultivar Opolski. Nilsson (1973) , Michalik and Grzebelus (1995) , Elkner et al. (1997) , Felczyński and Elkner (2009) also showed that the betalain pigment concentration in the beet juice depends on weather conditions during cultivation, genetic features and fertilization. Healthy value of red beet is determined by high content of betalain pigments (Elbe et al. 1974) , including red-violet betacyanins (mainly betanin) and yellow betaxanthins (mainly vulgaxanthin). Experiments have shown that pigment compounds of red beet have cytotoxic properties against cancer cells (Bujanowska 2003) . Table 1 Analysis of variance for the various sensory parameters of pickled beets (cv. Czerwona Kula) from conventional and organic crops in 2008 showed a statistical differences only in the descriptors of color and texture, depending on the method of cultivation (Table 3 ). In repeated experiment in 2009 the method of cultivation had significant effect on texture of pickled red beets. Pickled beets from conventional farming, characterized by firm-_____________________________________________________________________________________________________ er flesh (5.78 points, in 0-10 scale) compared to the pickled beets from organic cultivation (4.33 points), more noticeable taste of pickled cucumbers and flavor of fruit (at P<0.01). For other examined qualitative features the differences were statistically insignificant (Table 3) . Note: xxx -significant differences between means at p<0,001, xx -significant differences between means at p< 0,01, ns -not significant differences
The results of comparison of sensory evaluation for pickles from organic red beets of two cultivars showed that canned red beets from cultivar Czerwona Kula characterized by slightly darker color, firmer flesh and more typical taste of red beet as compared to samples from cultivar of Opolski. Similar trends were found for compared cultivars grown conventionally excluding texture of pickled red beet. Significant differences (Table 4) in sensory analysis between studied cultivars were noted for some descriptors of odor and taste, namely sour odor, seasoning taste and typical red beet taste. Analysis of variance has also revealed significant differences between 4 descriptors of odor and 3 descriptors of taste when pick-led red beet from organic and conventional cultivation were compared. It has to be emphasized that there were no significant differences in overall sensory quality of pickled red beet between cultivars tested and between methods of cultivation (Table 4) . Note: xxx -significant differences between means at p<0,001, xx -significant differences between means at p< 0,01, x -significant differences between means at p< 0,05; a -significant differences between means at p< 0,1; ns -not significant differences.
CONCLUSION
1. The method of cultivation had a significant effect on the chemical composition of fresh roots of red beet. The roots of both cultivars of beet from organic cultivation contained significantly more dry matter, sugars and betanins, and accumulated less nitrate by ca. 33% than beets from conventional cultivation. 2. There was no apparent effect of cultivar and method of cultivation on the sensory quality of pickled beets. 3. Pickled beets from the cultivar Czerwona Kula characterized by slightly darker, more purple color and firmer flesh than the samples of pickled beets from cultivar Opolski. The pickled beets from conventional cultivation exhibited more firm flesh and more distinct fruity flavor compared to pickled beets from organic crops.
